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Sensitivity improvement study 

Phase defect printability study 

   - Computer simulation  

   - Exposure experiment using test mask 

   - Mask observation technique 

Tool available 

Introduction 
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Simulated phase defect impact on 22nm L&S 

For dipole illumination, the pit defect impact at the positive defocus 

is stronger than the bump defect impact at the negative defocus. 

Bump: W=50, H=1 nm 

Pit :     W=50, D=1 nm 
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Experimental of phase defect printability 

Evaluation  
  Space width variation due to phase defect location 

EUV Mask  
Absorber lines to print 26 ~ 22 nm L&S 

Pit phase defect of 100 nm ~ 40 nm in widths at mask 

Exposure condition 
    NA=0.25,  Dipole illumination 

    General resist process 

ML surface 

Pit phase 

defect 

Absorber lines 
Absorber line Phase defect 

0 0.5 -0.5 
Relative position of phase defect 

Lx 

Space width error 

= SPD – SWO 

SPD SWO 



2012 International Symposium on Extreme Ultraviolet Lithography 11 

0 0.1 0.2 0.3 0.4 0.5 

5 

0 

-5 

-10 

-15 

-20 

-25 

S
p
a
c
e
 w

id
th

 e
rr

o
r 

(n
m

) 

Relative location of phase defect 

Measured space width varied depending not only on the phase 

defect but also on the LER of printed pattern. 

50 nm 

70 nm 

Defect width 

Defect location dependency: 22 nm L&S   

Depth: 1.6 nm 
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Measured space width varied depending not only on the phase 

defect but also on the LER of printed pattern. 
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Effectiveness of the phase defect mitigation by covering the defect 

with absorber patterns was experimentally confirmed. 

Pit phase defect: 

  W = 80 nm 
  D  = 1.6 nm  
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 Phase defect printability study for hp 16 nm ~ 11 nm generation. 

 In collaboration with Tohoku University and University of Hyogo. 

 Magnifying optics : Schwarzschild optics and concave mirror. 

 Magnification :~1500 X. 

EUV microscope and the pupil of the optics. 
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EUV microscope can predict an influence of phase defect. 
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Summary 
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 Using aerial image simulation, the difference between the impacts 

caused by the same size bump phase defect and pit phase defect 

on 22 nm ~ 16 nm L&S projected patterns were analyzed. 

 Phase defect printability for hp 26 nm ~ 22 nm line patterns  was 

evaluated by exposure experiments and dependency of phase 

defect size and location was investigated. 

 We have started a study of mask observation technique using 

magnifying optics.  EUV microscope images can predict the 

existence of phase defect and a degree of its impact as an intensity 

variation of the images. 

Future work 

 Simulation prediction for hp 11 nm generation. 

 Mask pattern observation using the EUV microscope 
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Thank you for your attention. 


